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MOTIVATION AND SUMMARY
It is important to understand temporal and spatial variations in the structure and photosynthetic capacity of tropical rainforests in a world of changing
climate, increased disturbances and human appropriation. The equatorial rainforests of Central Africa are the second largest and least disturbed of the
biodiversly-rich and highly productive rainforests on Earth. Currently, there is a dearth of knowledge about the phenological behavior that these forests are
experiencing. Thus, this study reports on leaf area seasonality as assessed from multiple remotely sensed datasets. Seasonal variations of leaf area in
Congolian forests derived from MODIS data co-vary with the unique bimodal precipitation pattern in this region, with higher values during the wet season.
Independent observational evidences derived from MISR and EPIC sensors in the form of angular reflectance signatures further corroborate this seasonal
behavior of leaf area. The bimodal patterns vary latitudinally within this large region, with increasing amplitude going from the North to South.
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STUDY AREA
This study is focused on intact and undisturbed region of Congolian tropical moist broadleaf forests in Central Africa (5°N-6°S, 14°E-31°E), which were
identified based on the land cover classification scheme, used by the LAI algorithm, provided by the MODIS land cover product (MCD12C1).It is the
second largest and least disturbed of the biodiversly-rich and highly productive rainforests on Earth.
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DSCOVR/EPIC AND MISR
Level 2 land surface and aerosol products from MISR (version 3) for the period January 2000 to December 2019 were used in this study. The surface
reflectances, DHR and BRF, are at 1.1 km spatial resolution. The aerosol optical depth is available at 4.4 km spatial resolution. The surface and aerosol
products are projected on Space Oblique Mercator (SOM) projection, in which the reference meridian nominally follows the spacecraft ground track. The
land surface product provides BRF at nine MISR view angles (nadir, ±26.1°, ±45.6°, ±60.0° and ±70.5°) in four spectral bands (446, 558, 672, and 866 nm).
The MISR view directions form “view” lines on the polar plane. Each view line sees a certain part of the MISR 360 km swath.
Level 2 Multi-Angle Implementation of Atmospheric Correction (MAIAC) surface BRF retrieved from DSCOVR EPIC observations from 2016 to 2019 was
also used in this study. The EPIC instrument provides imageries in near backscattering directions with the scattering angle between 168° and 176° at ten
ultra-violet to near infrared (NIR) narrow spectral bands. The MAIAC BRF are available at four spectral bands; they are 443, 551, 680 and 780 nm. Data are
projected on a 10-km SIN grid and available at 65 to 110 min temporal frequency.
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INTERPRETATION OF FOREST BRF
In the case of vegetation canopies with a dark background or sufficiently dense vegetation where the impact of the canopy background is negligible, the BRF
can be accurately approximated as
The first factor on the right-hand side of equation is the Directional Area Scattering Factor (DASF), which describes the canopy BRF if the foliage does not
absorb radiation. The second factor, , is the canopy scattering coefficient (CSC), i.e., the fraction of intercepted radiation that has been reflected from, or
diffusively transmitted through, the vegetation. Unlike canopy reflectance and transmittance, the CSC quantifies scattering event per unit leaf surface and
therefore conveys information about leaf optical properties. More details and a simple BRF model developed to approximate DSCOVR/EPIC and MISR
observations could be found at this poster (http://agu2020fallmeeting-agu.ipostersessions.com/Default.aspx?s=30-D4-C7-16-28-2B-14-7B-48-47-88-6A-
C8-4C-E5-F9).
Multiple scattered photons sample a significant portion of foliage area, making the mean number of interactions positively correlated with LAI. At a given
SZA therefore DASF increases with LAI in all phase angles.In the case of dense vegetation, the recoliision probability saturates and become weakly
sensitive to LAI. In many instances variation in LAI with leaf albedo unchanged cannot explain magnitude of observed variation in the CSC under the
saturation condition. Leaf albedo becomes a key parameter that controls changes in In the case of dense vegetation, the recoliision probability saturates and
become weakly sensitive to LAI. In many instances variation in LAI with leaf albedo unchanged cannot explain magnitude of observed variation in the CSC
under the saturation condition. Leaf albedo becomes a key parameter that controls changes in 
DASF and CSC will be provided in the version 2 EPIC VESDR product. A overview about this product could be found here (/default.aspx?s=05-3F-E7-
A2-4E-0C-F4-83-95-3E-BC-B9-D0-40-23-2A&guestview=true).
BRFλ(Ω0, Ω) = (ρ(Ω0, Ω)i0)/(1 − p) × (ωλ(1 − p))/(1 − pωλ) = DASF × Wλ
Wλ
Wλ
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LEAF AREA SEASONALITY
Monthly average LAI and EPIC NIR BRF data over the Congolian forests also exhibit notable bimodal seasonal variations, which follow the patterns of
precipitation. LAI varies between its maximum of about 5.7 during the wet seasons and a dry season minimum of about 4.6. EPIC NIR BRF data covary
with MODIS LAI data.
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SEASONAL COMPARISON ON DASF AND CSC
MISR and EPIC sensors show a district decrease in DASF in all directions from wet (October, November) to dry (January) seasons in all sub-regions over
the Congolian tropical rainforests. Such a downward shift in DASF can only result from a negative change in LAI. BRF at NIR spectral band exhibits similar
behavior: a decrease in reflected radiation in all directions from October (November) to January, which suggests more green leaves during the wet season.
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The canopy scattering coefficient shows an opposite tendency, i.e., a positive increase between wet and dry seasons at all spectral bands. The decline in LAI
is a factor that caused the observed increase. Leaf albedo is another factor that has an impact on the coefficient. A reduction of leaf area tends to decrease
forest reflectance (BRF and consequently DHR). At strongly absorbing red (672 nm) wavelength however the DHR has increased between wet and dry
seasons from 0.014 to about 0.024 in regions 1 and 2 and from 0.015 to 0.018 in region 3. The positive change with decreasing LAI necessary indicates an
increase in leaf albedo. This also takes place for strongly absorbing blue (446 nm) and moderately absorbing green (551nm) wavelengths: no decrease in
DHR from wet to dry season. This suggests an increase in the leaf albedo at visible spectral bands.
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ABSTRACT
Knowledge of seasonal variation of tropical rainforests are essential for understanding its response to the climate change. The
equatorial Congo rainforest, the second-largest on Earth, however is still lacking of systematic analyses of seasonal variation
in forest greenness with strong observational evidences. This poster investigates the seasonality of the Congo rainforest with
Deep Space Climate Observatory (DSCOVR) Earth Polychromatic Imaging Camera (EPIC) and Multi-angle Imaging
SpectroRadiometer (MISR) datasets. The monthly mean near-infrared (NIR) bidirectional reflectance factor (BRF) from
EPIC of 2016-2019 exhibits a bimodal pattern over the Congo forest, which is consistent with the seasonality of leaf area
from MODIS LAI (Collection 6) and precipitation from TRMM. Analyses of NIR BRF angular signatures from MISR and
EPIC further confirms that more green leaves appear during the wet season compared to the dry season. Variation in the
canopy scattering coefficient (CSC) suggests a higher leaf absorption in wet season than in dry season, which is attributed to
a higher concentration of chlorophyll and/or dry matter in leaves. This research also demonstrates the complementarity and
consistency between DSCOVR/EPIC records and existing data from polar-orbiting satellites in tropical rainforest monitoring,
and the CSC will be provided in the upcoming version of DSCOVR/EPIC Vegetation Earth System Data Record (VESDR)
science product.
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